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The present study was conducted to solve the problems associated with storage of fuel debris, 
secondary radioactive waste and so on after a severe accident occurred in current light water 
reactors (LWRs) based on the experience of two major severe accidents in Fukushima Daiich 
nuclear power plant (1F) and Three Mile Island Unit 2 (TMI-2). 
When fuel debris retrieval at 1F in earnest after 2021, the amount of secondary wastes such as 
β and γ-ray wastes generated by contaminated water removal, and retrieved fuel debris will 
increase rapidly. Therefore, the long-term storage of them is expected to be a particularly 
important problem until the prospect of treatment and disposal is obtained. To solve the problem, 
it is necessary to develop an accurate evaluation method of radionuclides distribution and total 
amount in the vessel of wastes and fuel debris, and to elucidate energy deposition of radiation to 
the vessel that may affect hydrogen generation and vessel corrosion. However, the experimental 
approach such as measurements and analyses are costly and time consuming. On the other hand, a 
numerical simulation approach based on radiation transport calculations with the continuous 
energy Monte Carlo method and recent reliable nuclear data enables various case studies,  
optimization of system design, future prediction, and understanding of phenomena. Therefore, 
this approach was applied to the following problems related to the problems after the current light 
water reactors has caused the severe accident:  
1) Evaluation of radionuclide distribution in zeolite wastes through gamma -scanning of 
adsorption vessels, 
2) Evaluation of energy spectrum around structural materials in γ and β -ray environments, 
3) Evaluation of radiation energy distribution dependent on radiation type o f fuel debris. 
As a result, a new method has been developed to obtain accurate radiation source distribution 
by the combination of gamma-scanning and numerical simulation for vessel of radioactive wastes. 
I have clarified, for the first time, the dependences of the energy spectrum and average energy of 
photons and secondary electrons near the SUS304 surface (front / back) on the radiation type, 
SUS304 thickness and the distance from the source to the surface. In addition, all energy release 
(decay heat) from fuel debris is divided into nuclides, radiation types (α, β, γ) and energy spectra  
by using a newly developed estimation equation of the decay heat, and their long-term changes 
over time were clarified. 
  The present study enabled future concrete design studies of β and γ -ray wastes and fuel debris 
storage vessels after the severe accident occurred in the current LWRs including the 1F and 
TMI-2. Moreover, it is evident that they provide a new way to evaluate radiolysis of water in 
long-term storage vessels and metal corrosion in a radiation environment, in addition to 
accumulation of future experimental verification data.  
 
